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ABSTRACT
We have extended our PNe survey to the outer ∼64deg2 of the Large Magellanic Cloud
(LMC) using maps from the Magellanic Cloud Emission Line Survey (MCELS) and the
UK Schmidt Telescope (UKST) Hα survey. Although the MCELS survey has poorer
∼5 arcsec resolution than both the UKST Hα survey and the original Hα median
stacked map in the LMC’s central 25deg2, it has the advantage of additional narrow-
band filters at Hα, [O iii] and [S ii] providing improved diagnostic capabilities. Using
these data to uncover new emission line candidates we have so far spectroscopically
confirmed an extra 61 LMC PNe which we present here for the first time. We have also
independently recovered and spectroscopically confirmed 107 of the 109 (98%) PNe
that were previously known to exist in the outer LMC. The majority of our newly
discovered and previously known PNe were confirmed using the AAOmega, multi-
object fibre spectroscopy system on the 3.9-m Anglo-Australian Telescope (AAT) and
the 6dF multi-object spectrograph on the UKST. These newly identified PNe were
cross-checked against extant multi-wavelength imaging surveys in the near and mid-
infrared in particular and against the latest emission-line ratio diagnostic plots for
improved confidence in PNe identification.
Key words: catalogues-surveys-planetary nebulae: general-Magellanic Clouds.
1 INTRODUCTION
The establishment of the most complete sample of spectro-
scopically confirmed PNe in the LMC is of enormous value
for population studies, luminosity functions, chemical abun-
dance and evolutionary studies. Working on such a sample
of LMC PNe and across the widest physical extent of this
galaxy also gives us a unique insight into the kinematic mo-
tions of the older LMC populations which can be compared
to young populations and the H i disk of the LMC (eg. Reid
& Parker, 2006b). With the LMCs well established 50Kpc
distance (Reid & Parker 2010 and references therein) low
and relatively consistent reddening of about E(V-I) = 0.09
± 0.07 mag using the red clump method (eg. Haschker et
al. 2011), modest 35 degree angle of inclination and ∼500pc
disk thickness (van der Marel & Cioni 2001), LMC PNe have
many advantages over similar studies using Galactic PNe.
Our UKST Hα deep-stack survey of the central 25deg2
of the Large Magellanic Cloud (Reid & Parker 2006a) was
initially used to identify faint emission-line candidates of all
kinds for spectroscopic confirmation. From this survey and
? e-Mail: warren.reid@mq.edu.au; war@aao.gov.au
† e-Mail: quentin.parker@mq.edu.au
the subsequent spectroscopy we previously identified 462 PN
candidates and confirmed 170 previously known PNe in the
survey area (Reid & Parker, 2006a,b). We have also pub-
lished our first catalogue of newly identified LMC emission
line stars (Reid & Parker, 2012). We later modified the PN
numbers to 411 new and 164 previously known PNe with the
aid of further spectroscopic follow-up and the commence-
ment of multi-wavelength and emission-line ratio compar-
isons (Reid & Parker 2010). Such comparisons offer addi-
tional diagnostic capability to weed out contaminating PN
mimics as shown by Frew & Parker (2010) and Sabin et al.
(2011).
We have now extended our survey to cover 40deg2 of the
outer LMC beyond our original central 25deg2 field using the
64deg2 coverage given by the Magellanic Cloud Emission-
line Survey (MCELS) 1. In addition we have access to the
higher resolution single exposure Anglo-Australian Obser-
vatory/UK Schmidt Telescope (AAO/UKST) Hα and short
red band ‘SR’ survey fields that completely overlap with the
extended MCELS region. These wide-field images were ex-
1 C. Smith, S. Points, the MCELS Team and
NOAO/AURA/NSF
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posed between 1997 and 2001 using tech-pan film on the
UKST for eventual inclusion in the on-line SuperCOSMOS
R and Hα sky surveys. The digitised pixel size is 10 mi-
cron (0.67 arcsec) and is provided in density units, scaled to
maximize the range of 16-bit integers per pixel provided the
SuperCOMSOS. This additional digital data covering the
Magellanic Clouds and Magellanic stream is not currently
available on line but our access to it has enabled us to ver-
ify, at higher angular resolution, many of the new candidate
MCELS objects as genuine emission sources. These candi-
dates were followed up spectroscopically using AAOmega on
the AAT, 6dF on the UKST and the 1.9m telescope at the
South African Astronomical Observatory (SAAO). The re-
sulting reduced spectra were then measured and examined
to determine the strength of key emission lines and ratios
such as [N ii]/Hα, [O iii]5007A˚/Hβ and He ii4686A˚/Hβ as
described in Reid & Parker (2006a,b).
Once strong candidates were found, they were exam-
ined using false colour images from the Spitzer SAGE survey
(Surveying the Agents of a Galaxy’s Evolution) (Meixner et
al. 2006) and 2MASS (Skrutskie et al. 2006) (for bright can-
didates) in order to determine the infrared excess. The com-
bination of these spectroscopic criteria and multi-wavelength
images have allowed us to confidently assess and classify PN
candidates as necessary. Additional candidate source pho-
tometry was also gained from the Magellanic Cloud Photo-
metric Survey (MCPS) (Zaritsky et al. 2004) depending on
coverage and magnitude limits. A combination of all of the
above photometric and spectroscopic data has allowed us to
decisively extend our PN survey to the sparser outer regions
of the LMC and provide firmer probability ratings as to the
true nature of the emission sources presented in this paper.
Our previous LMC PNe samples reported in Reid & Parker
(2006a,b) have also been re-evaluated in the light of these
new diagnostic capabilities. The results of this investiga-
tion and the accompanying study into the multi-wavelength
characteristics of the entire known LMC PNe sample is pre-
sented in the sister paper to this (Reid & Parker, 2013).
This additional study has resulted in the re-classification or
strengthened confirmation of many of the less secure PNe
identifications (originally published as ‘PN possible’ or ‘PN
likely’) from our previous catalogue.
In section 2 we briefly describe the MCELS survey, the
AAO/UKST LMC Hα survey and our method of candidate
selection. In section 3 we describe the 2dF and 6dF confir-
matory followup observations including data reduction, and
details regarding the de-reddening of the fibre spectra. Sec-
tion 4 describes the diagnostic methods employed to evalu-
ate spectral emission lines, our results for extinction, multi-
wavelength checks undertaken. We then present diagnostic
comparison plots using optical emission lines and provide
the table of the newly discovered LMC PNe. Section 5 gives
a summary and a brief description of our continuing object
followup of newly discovered emission candidates and some
conclusions.
2 THE CANDIDATE SELECTION
TECHNIQUE
2.1 The MCELS survey
The MCELS survey was designed to identify and study the
interstellar medium (ISM) within the Magellanic Clouds as
well as discrete emission objects such as H ii regions, super-
nova remnants, planetary nebulae, superbubbles and giant
shells. It was intended that it be used as a foundation and
applied together with other multi-wavelength surveys and
observations (Smith et al. 1998).
The survey employed large-format CCD detectors on
the Schmidt telescope at CTIO to create uniform data sets
which imaged the central 8 × 8deg2 of the LMC and the
central 3.5deg × 4.5deg2 of the SMC. This produced 3 arc-
sec/pixel data with a resolution of ∼5 arcsec. Individual
exposures covered a 1.1deg × 1.1 field of view. Areas were
sampled an average of eight times in four different regions
of the detector to assist in eliminating flat fielding and other
instrumental effects.
Exposures were taken using custom-made 4-inch in-
terference filters centred on Hα (λ6563, ∆λ = 30 A˚),
[S ii] (λ6724, ∆λ = 50 A˚) and [O iii] (λ5007, ∆λ = 40 A˚).
Continuum-band filters at λ6850, ∆λ = 95 A˚ and λ5130,
∆λ = 155 A˚were also obtained to allow subtraction of stel-
lar sources.
2.2 The AAO/UKST Hα survey
The AAO/UKST Hα survey (1998-2003) used the world’s
largest monolithic narrow-band Hα interference filter
(Parker & Bland-Hawthorn 1998) with a 70A˚ full width at
half-maximum (FWHM) bandpass (so actually a Hα plus
[N ii] 6548, 6584A˚ filter). It was the last, great UKST sur-
vey, the only one to be taken on Kodak Technical Pan film
rather than glass plates (Parker & Malin 1999) and the only
one to be available to the community solely in digital form1.
The main survey covered 4500deg2 of the Southern Galactic
plane (Parker et al. 2005) and has led to a wealth of PN
discoveries in its own right (e.g. Parker et al. 2006, Miszal-
ski et al. 2008). However, at the same time, a little known
Hα survey of 40 UKST fields in and around the Magellanic
Clouds (including the bridge and stream) was also under-
taken by Parker & Morgan. This was in addition to their
multi-exposure (12 Hα and six SR) deep stack over the cen-
tral UKST field of the LMC as already reported (Reid &
Parker 2006a,b).
We have special access to the 40 field AAO/UKST LMC
and SMC Hα survey which includes matching short red ex-
posures. In this work it has been used extensively to confirm
emission source candidates uncovered by MCELS. However,
it can also be used for emission line source candidate selec-
tion outside the 64deg2 area covered by the MCELS survey
and as such will form the basis of a future investigation by
our team. The SuperCOSMOS LMC Hα map has proved
particularly useful in cases where bad pixels in the MCELS
maps often resembled point emission sources. The 5 Rayleigh
sensitivity and arcsec spatial resolution of the UKST based
Magellanic cloud Hα survey meant that these data were able
1 http://www-wfau.roe.ac.uk/sss/halpha/
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to provide some vital morphological information to assist our
source selection criteria and spectroscopic target prioritiza-
tion.
2.3 PNe candidate selection
Candidate emission sources were selected from the MCELS
maps by assigning a false RGB colour to each of the three
narrow-band filters and merging them into one colour map.
We then searched the combined colour map for sources that
indicated high [O iii]λ5007A˚ and Hα signatures. Candidate
PN sources were those that (in terms of their colours) fell
within these two bands and which are expected to comply
with expectations for LMC PNe in low extinction, low metal-
licity environments. For example, by assigning red to Hα,
green to [O iii] and blue to [S ii], all bright PNe appear as
yellow-brown/green sources since yellow is a mixture of red
and green. Normal, continuum sources (stars) appear with
colours varying between blue, white and red, providing a
clear differentiation between them and potential emission
objects. Examples of previously known and newly identified
LMC PN uncovered in this way are given in Figs 1 and 2
respectively. This MCELS PN candidate recognition pro-
cess was significantly aided by assessing the new candidate
PNe with respect to the appearance of known PNe using the
same merged colour identification technique. The identifica-
tion and initial assessment was supplemented by our special
access to SuperCOSMOS multi-exposure Hα/SR exposure
images covering the regions outside the original 25deg2 LMC
region.
This somewhat manual method of object detection us-
ing both MCELS and SuperCOSMOS merged colour imag-
ing proved to be more effective, allowing better discrimina-
tion than the method provided by the standard DAOPHOT
and SeXtractor software packages. These packages are espe-
cially good at finding faint galaxies through a process called
segmentation, which identifies regions which differ in bright-
ness, colour, texture or can be delineated by edges. In short,
these packages use two images to look for a combination of
fluxes which are different to other objects. Since PNe can
be very bright or faint in the [O iii]5007A˚ and the (Hα +
[N ii]) bands with a variety of ratios between the two and
widely differing strengths of [S ii], there is an extremely wide
variation in possible colour combinations. With the low res-
olution of the MCLES maps where most PNe occupied only
2 - 4 pixels, it proved more efficient to train the eye to de-
tect both bright and faint candidates dominated by either
[O iii] or [N ii]. This allowed us to include all candidates to
the faintest detectable limits of the survey ([O iii]= 1.4×
10−17 erg cm−2 s−1 arcsec−2; Hα= 7.0× 10−18 erg cm−2
s−1 arcsec−2; [S ii]= 5.2× 10−18 erg cm−2 s−1 arcsec−2, in
agreement with Pellegrini et al. (2012)), while giving a low
priority to probable emission-line stars and compact H ii re-
gions. Nonetheless, the central positions for all emission ob-
jects uncovered from the maps were carefully recorded for
future spectroscopic and multi-wavelength followup.
Very faint PNe remain difficult to detect in the MCELS
data. This is because the survey does not go as deep for
point source detection in the three bands as our central
Hα arcsecond resolution median-stacked data and because
MCELS has poorer angular resolution (∼5 arcsec), with pix-
els as large as 3 arcsec on the sky. This means that, in many
Figure 1. The combined Hα (red), [O iii]5007A˚ (green) and
[S ii]6724A˚ (blue) MCELS image of previously known PNe Mo5
above and Mo8 below. The various yellow-green-brown, and even
pinkish colours of the PNe, produced by the particular combi-
nation of emission lines that contribute to the detected signal in
each filter, is typical of previously identified PNe.
cases, faint PNe in the LMC MCELS data are not much
larger than 1 pixel across. Although the survey aimed to
reach a limiting surface brightness of approximately 3 ×
10−17 erg cm−2 s−1 arcsec−2 (Smith et al. 1999), the low
resolution means that any point sources near that level are
impossible to define. Detection is also significantly degraded
towards the edges of the MCELS field where bad pixels in-
terfere with real detections.
Despite these drawbacks, careful scrutiny of the com-
bined colour images for sources with the tell-tale PNe-like
colours provided a large number of targets for spectro-
scopic followup. Almost half of these new MCELS candi-
dates showed a central (possibly stellar) source, while the
c© 2002 RAS, MNRAS 000, 1–13
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Figure 2. The combined Hα (red), [O iii]5007A˚ (green) and
[S ii]6724A˚ (blue) MCELS image of a selection of confirmed new
PNe RP4151 and RP4176. The faint yellow-brown colour of the
PNe, produced by the particular combination of emission lines
that contribute to the detected signal in each filter, is used to
identify new candidates.
rest gave the impression of an extended nebulae. About 90%
of the targets were drawn from the outer LMC which was
not covered in the original deep stack UKST Hα survey of
the central LMC (Reid & Parker, 2006a,b). The others were
objects that were subsequently found using both MCELS
and our original UKST Hα deep stack. The additional area
covered by MCELS compared to our original survey region
can clearly be seen in Fig 3 which uses a red line to indicate
the maximum extent of our original UKST Hα survey deep
median stack.
Once a discrete source was found in the MCELS data,
it was also examined using other available multi-wavelength
data such as the broad-band optical SuperCOSMOS Sky
Figure 3. A comparison of the areal LMC coverage provided
by the MCELS survey (larger area) and the UKST Hα 25deg2
deep-stack survey area (bounded by the red box).
Survey (SSS) B-R-I images, 2MASS in the Near-IR (NIR),
SAGE and WISE in the mid-IR (MIR). These data allowed
us to not only confirm the emission sources but check rela-
tive band strengths, where coloured and merged bands of-
ten result in specific combinations which are typical of PNe
whose multi-wavelength characteristics and emission lines
betray their presence in these passbands (e.g. see Parker et
al. 2012).
As previously mentioned we also now have access to the
40 single-exposure UKST Hα fields in and around the Mag-
ellanic clouds. Careful examination of one of these fields in
the far outer regions of the LMC and beyond the extent of
the MCELS survey has uncovered a few additional candi-
date sources. These survey fields, which are not yet gener-
ally released nor in the public domain, were each assigned a
distinguishing colour and merged to reveal the Hα excess in
exactly the same way as originally reported in Reid & Parker
(2006a) for the UKST deep median stack data. Furthermore,
the higher resolution of ∼1-1.5 arcsec of the UKST Hα data
(with 0.67 arcsecond SuperCOSMOS pixels) provides im-
proved resolution, crucial for indicating the presence of any
faint extensions such as jets and possible AGB haloes as well
as very faint, compact yet resolved nebulae. This small pilot
study indicates there are many emission line sources yet to
be detected in the extensive Magellanic Cloud UKST Hα
survey region.
3 AAT AAOMEGA AND UKST 6DF
SPECTROSCOPIC OBSERVATIONS
Details of the spectroscopic follow-up of the newly uncovered
MCELS emission-line candidates as well as a description of
c© 2002 RAS, MNRAS 000, 1–13
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the data reduction technique and corrections for extinction
and reddening are given below.
3.1 AAOmega observations
A four night observing run on the Anglo-Australian Tele-
scope (AAT) from 2010 February 9 to 12 was undertaken us-
ing the 2dF multi-object fibre positioner (Lewis et al. 2002)
coupled with the AAOmega spectrograph (Saunders et al.
2004; Sharp et al. 2006). These data were supplemented by
AAOmega service time observations of single 2dF fields on
the 2012 February 14, 15 and 17.
The powerful 2dF system was an ideal instrument for
the spectroscopic followup of large numbers of MCELS can-
didate emission-line objects due to its ability to simultane-
ously observe 400 targets (including objects, fiducial stars
and sky positions) with 2 arcsec fibres over the wide 2◦ di-
ameter field area, enabled by the AATs top-end corrector.
This large six-element transmissive corrector lens-system in-
corporates an atmospheric dispersion compensator, which is
essential for wide wavelength coverage using small diameter
fibres couple with long exposure times.
The combined observations provided a total ∼2,693
spectra. The large number of available fibres allowed even
dubious PNe candidates to be observed while also allowing
significant new samples of H ii regions and emission line star
candidates to be targeted. As a result, we were able to con-
firm 61 sources as new LMC PNe.
Each AAOmega field was observed twice, each with an
exposure time of 1200s. The resulting 1200s x 2 exposures
for each field setup allowed us to combine exposures and
remove cosmic rays. AAOmega was used to obtain simul-
taneous red and blue arm observations with the 580V and
1000R gratings split using a dichroic. Central wavelengths of
4800A˚ and 6800A˚ were chosen to cover the most important
diagnostic lines in each arm. For the blue arm the wave-
length range was 3736-5854A˚ at a dispersion of 4.30A˚/pixel
and for red arm the wavelength range was 6213-7373A˚ at
a dispersion of 0.552A˚/pixel. These medium-resolution ob-
servations, at 1.023A˚ FWHM for V and 1.905A˚ FWHM for
R, were used as the primary means of object classification
and provided the bright [O iii]5007A˚ and Hα fluxes for this
study. These resolutions were sufficient for kinematic studies
and were also used to measure the [S ii] 6716,6731A˚ lines for
determination of nebula electron densities.
3.2 6dF observations
Two nights of dedicated 6dF observations on the UKST were
undertaken by the first author on 2012 February 3 and 4
(eight fields in all). These multi-fibre observations using the
standard 580V and 425R gratings with a dispersion of 0.62
A˚/pixel, provided spectroscopic confirmation of 562 addi-
tional sources while overlapping with AAOmega fields. The
observations resulted in the confirmation of 38 new LMC
PNe, five of which were only observed solely through 6dF ob-
servations. Eight overlapping 6dF fields were observed, each
of which allowed us to place ∼100 × 6 arcsec diameter fibres
across a 5◦.7 field of view. An adaptive tiling algorithm and
simulated annealing for field configuration were employed to
ensure that the maximum number of fibres was allocated to
targets and dedicated sky positions. The employed V and R
gratings were swapped in turn without any need to change
the field plate or the tracking of the telescope. Two 1500s
exposures were made on each field and with each grating
setup. Both gratings provided a resolution of ∼1000 over
the 3900–5590A˚ range for V and the 5300–7570A˚ range for
R with a general signal-to-noise ratio (S/N) ∼10 per pixel
achieved for continuum sources.
3.3 Data reduction
The 2dF and 6dF raw data were processed using the separate
but related AAO 2dF/6dF data reduction pipelines 2dFDR1
and 6dFDR. These software pipelines can automatically re-
duce 2dF and 6dF multi-spectral frames creating the nec-
essary calibration groups (eg. BIAS, DARK, FLAT, ARC,
etc.). As a calibration exposure is reduced it is inserted into
the appropriate group. Before commencing the automated
reduction process it is necessary to pre-select the relevant
program files dedicated to each telescope, instrument and
grating setup. Manual intervention and interaction is possi-
ble at various stages of the reduction process (e.g. Sharp et
al. 2006).
For our data the software was instructed to perform a
subtraction of background scattered light prior to the ex-
traction. The background was determined by fitting a func-
tion through the ‘dead’ or unused fibres in the image. Bias
frames were obtained for each observed field. The bias strip
was removed from the bias frame, trimmed and subtracted
from the data.
The data reduction system performed a wavelength cal-
ibration using the information from the spectrograph optical
model. This was then refined using data from the arc lamp
exposure. The lines in the arc lamp exposure were matched
against a line list. A cubic fit for each fibre was then per-
formed to the predicted and measured wavelengths of all
lines which are non-blended, not too wide and not too weak.
This fit was then used to further refine the wavelengths.
To perform the sky subtraction, the data were first cor-
rected for the relative fibre throughput, based on a through-
put map derived from the dedicated sky fibres. The relative
intensities of the skylines in the object data frame were used
to determine the relative fibre throughput. This method
saved time, as no offset-sky observations were required.
The median sky (continuum subtracted) spectrum was
calculated from the median of all the individual fibre sky
spectra taken. For 2dF a minimum of 20 well-spaced sky
fibres are usually chosen and verified to be true sky regions.
This is particularly important for crowded field like the LMC
as sky fibres contaminated by real sources (stars or nebulae)
will affect the validity of the sky-subtraction.
Sky fibre spectra are normalized by their mean flux.
A robust least-squares fit of the counts was performed in
the differential or continuum subtracted data fibres versus
the counts in the differential or continuum subtracted me-
dian sky. Assuming that the sky was the dominant source of
emission, the slope of this fit gave the fibre throughput. The
robust fit is especially important when dealing with faint ob-
1 http://www.aao.gov.au/AAO/2df/software.html#2dfdr
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jects. The sky fibre spectra in the data were then combined
and subtracted from each fibre.
It is normal for cosmic rays to be rejected automatically
during the reduction process as each 2dF field observed usu-
ally has a minimum of two exposures which permit efficient
rejection routines to be employed.
3.4 Flux calibration and de-reddening of the 2dF
and 6dF fibre spectra
Since the PNe were observed with AAOmega and 6dF, a
reliable flux calibration of the LMC PN emission-lines was
required in order to properly compare optical spectra from
different fibre-based observations. This also allows us to
make meaningful comparisons between fibre spectroscopy
and long-slit observations of individual objects, and to cre-
ate diagnostic plots. In our previous work we reported on a
new technique to obtain accurately calibrated spectral fluxes
from the separate blue and red 2dF and 6dF exposures (Reid
& Parker, 2006a,b).
In the case of these new AAOmega observations a
slightly different flux calibration process was required due to
the changed instrument configuration compared to our ear-
lier data. To calibrate the observed data counts for the same
source observed simultaneously in the blue and red arms of
the spectrograph, we used PNe with extremely low or non-
existent continuum levels and well-determined emission-line
fluxes gained from Hubble Space Telescope (HST) observa-
tions (see Reid & Parker 2006a, 2006b, 2010). These objects
were deliberately included and observed on each field plate
for use as flux calibrators for each individual field.
The process involved matching each spectral line on
each field plate from each CCD camera to raw PN fluxes
gained from HST exposures. Fluxes for LMC PNe from
other catalogues (Jacoby et al. 1990, Leisy et al. private
communication, Meatheringham et al. 1988) were also in-
cluded in order to build up the number of calibrators per
field and improve error estimates. In order to extend the
reliability of the calibration to faint lines of magnitudes
>19, the [O iii]4959A˚, Hβ, He ii4686A˚, [N ii]6584,6548A˚ and
[S ii]6716,6731A˚ lines were included in the calibration. The
individual AAOmega and 6dF line intensities for known PNe
observed on each CCD and each field plate exposure were
plotted against HST and other published fluxes for the same
lines (see Fig. 2 in Reid & Parker, 2010). In each case, a line
of best fit was derived and the underlying linear equation
extracted.
This equation became the calibrator for each emis-
sion line in each object where the CCD and individual 2dF
field plate exposure were the same. The agreement of flux-
calibrated PNe from each spectrograph/field plate combi-
nation was considered robust enough (within 0.15 dex) to
allow calibration to all the blue and red emission lines for
other emission objects observed in the same field. Full de-
tails including a discussion on the reliability of the method
and error estimates are presented in Reid & Parker (2010).
3.5 Corrections for extinction and reddening
Extinction of light from distant planetary nebulae is the
result of dust both in the ISM and surrounding the PN it-
self. In each case, the light is both scattered and absorbed,
which increases the interstellar extinction towards shorter
wavelengths. The amount of extinction will differ for each
object and needs to be corrected to gain true fluxes. For our
optical line fluxes, the Hα/Hβ ratio was used to determine
the extinction constant cHβ (i.e., the logarithmic extinction
at Hβ) for each nebula. These hydrogen transitions are the
strongest and easiest to accurately measure in the nebula
spectrum and are fortunately located very close to the other
main emission lines used for PN diagnostics. The observed
Hα/Hβ ratio, when compared to the recombination value of
2.86 (Aller 1984), gives a logarithmic extinction at Hβ of:
c(Hβ) = (log(Hα/Hβ)− log(2.86))/0.34 (1)
This estimation is based on the relationship between
observed and intrinsic intensities:
Iobs(Hα)
Iobs(Hβ)
=
Iint(Hα)
Iint(Hβ)
10−c(Hβ)[f(Hα)−f(Hβ)], (2)
where[f (Hα)-f (Hβ)] = –0.34 from the standard inter-
stellar extinction curve and c(Hβ) is the logarithmic extinc-
tion of Hβ. The intrinsic ratio is mildly dependent on tem-
perature: for Te between 2,500 and 20,000 K, the ratio varies
from 3.30 to 2.76 (Osterbrock and Ferland, 2006), although
the standard 10,000K is often adopted for Te.
The value of c and I(λ) for all other lines λ was then
used to correct for interstellar extinction using the galactic
extinction law from Whitford (1958) in the form of Miller &
Mathews (1972):
Icor(λ) = Iobs(λ)10
c[1+f(λ)]. (3)
Reworking this equation for the Hβ line all other lines could
be corrected for reddening using:
Icor(λ)
Icor(Hβ)
=
Iobs(λ)
Iobs(Hβ)
10cf(λ). (4)
Any uncertainty in c(Hβ) will have almost no effect on
the reddening corrected line ratios for Hβ/[O iii]5007A˚. Even
the standard line extinction for [O iii]5007A˚ is only –0.038
f (λ). With such a small correction, the [O iii]5007A˚ line
flux estimates are very unlikely to be affected by any error
estimates in c(Hβ). Errors have been estimated with refer-
ence to both flux calibration and the wide spectral range
between the Hα and Hβ lines. This is estimated for Hα us-
ing the same method of AAOmega flux calibration described
above where the Hα spectral line in each nebula was individ-
ually compared to published Hα fluxes for the same objects.
The maximum estimated uncertainty in c(Hβ) as a result
of combined maximum errors in line measurement and flux
calibration estimations is <7%.
4 APPLIED TECHNIQUES USED TO
IDENTIFY MCELS PN CANDIDATES
4.1 Multi-wavelength and emission-line diagnostic
object classification
The optical spectrum obtained for every potential PN candi-
date in the MCELS outer LMC sample, including previously
known PNe, was carefully measured and analysed in order
to assess its classification and probability (see section 4.4).
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PN candidates were identified by assessing emission-line ra-
tios as described in Reid & Parker (2006a). Easiest to con-
firm were those candidates where [N ii]>Hα and He ii4686
was present in emission. These high excitation and likely
TypeI (Peimbert 1978) PNe were found at scattered lo-
cations across the outer LMC and represent 30% of the
newly discovered PNe. Optical spectra of the remaining
candidates were assessed on the basis of [O iii]/Hβ ratio
where [O iii]4959A˚/Hβ >3 are more likely to be PNe. For
each nebulae, however, an individual assessment must be
made where [O iii], [O ii], [N ii], [S ii], He ii, Ne, Ar, and the
Balmer lines are all measured and used for spectral classifi-
cation. These spectral classifications are conducted hand-in-
hand with available optical images using Hα, SR, [S ii] and
[O iii] bands in order to exclude possible compact H ii re-
gions and assess the local environment. This also allowed
us to exclude faint objects which were possibly dominated
by ambient emission and other sources of contamination. It
is worth noting that in the absence of HST imaging, mor-
phological information on LMC PNe is difficult to extract
from ground-based data. The best PN candidates were then
assessed using the 2MASS J, H and K bands and SAGE
(Meixner et al. 2006), Spitzer MIR maps as described be-
low.
The final step was to use the emission line ratio di-
agnostic plots first introduced by Sabbadin et al. (1977),
gradually updated and refined (e.g. Riesgo-Tirado & Lo´pez
2002; Frew & Parker 2010; Sabin et al. 2011). This impor-
tant task was undertaken in order to identify and exclude
interlopers which have biased and effected most previous PN
catalogues, both in our own Galaxy and in the Magellanic
Clouds. Contamination by the many types of possible PN
mimics may adversely affect the true form of the PNLF. This
is particularly important at the bright end whose truncated
exponential fit is used as an extragalactic distance indicator
(Ciardullo et al, 2002; Reid & Parker 2010).
4.2 Multi-wavelength identity checks
A combined multi-wavelength and spectral analysis is a very
complete and robust method of assessing the veracity of
PNe. It is clear, however, that an optical spectrum and high
resolution, deep optical image are the best starting point for
the identification of a PN. It is additionally helpful to ex-
amine the NIR bands using 2MASS (Skrutskie et al. 2006,
Cutri et al., 2003) or the new Vista Magellanic Cloud (VMC
survey; Cioni et al, 2011) Y, J and Ks colours in order
to identify the increased reddening, expected in most PNe.
SAGE (Meixner et al. 2006) observations in the MIR provide
much needed information regarding the presence of Poly-
cyclic Aromatic Hydrocarbons (PAHs), dust and other ther-
mal emissions which help to separate PNe from emission-line
stars and H ii regions. Indeed, Parker et al (2012) have re-
cently shown it is possible to identify high-quality PN can-
didates purely on the basis of their MIR characteristics.
The brighter PNe candidates in the new LMC sam-
ple were crosschecked against 2MASS NIR images and pho-
tometric data at J(1.25µm), H(1.65µm) and Ks(2.16µm)
band-passes in order to identify and separate bright stellar
sources and large emission objects from PNe. If a stellar
continuum is dominating over and above what is expected
from a PN central star with or without NIR emission lines,
the flux will be relatively brighter towards the shorter NIR
wavelengths. If the object is an extended emission source,
the warm dust will be much stronger at longer wavelengths.
Since a PN spectrum at each of these bands may be com-
posed of various mixtures of emission lines and/or contin-
uum, only objects with a large excess in either J or K are
likely to be non-PNe. Combining these data with MIR data
may further assist in the classification process.
By overlaying SAGE false colours at 3.6, 4.5, 5.8 and
8µm as well as supplementary WISE (Wright et al. 2010)
bands at 3.4, 4.6µm, we could visually assess the expected
IR excess with decreasing wavelength. WISE has lower res-
olution than SAGE but additionally provides wavelength
bands at 12 and 22µm, providing extra confirmation at
longer wavelengths. Magnitudes were taken from the pub-
lished Spitzer Infrared Array Camera (IRAC; Fazio et al.
2004) SAGE data from Hora et al. (2008) and from Gruendl
and Chu (2009). The application of false colours allowed us
to observe and compare both luminosity ratios and angu-
lar extent at each waveband. Using the extracted NIR-MIR
magnitudes, diagnostic plots, for all possible PNe were cre-
ated with the aid of this multi-wavelength data (e.g. Hora
et al. 2008). This allowed us to reduce the number of can-
didate PNe from an initial 87 to the 61 presented here. In-
cluded in these plots were 3,000 LMC stars which largely do
not support extended atmospheres or strong emission lines.
By comparing 11 different combinations of NIR and MIR
wavelengths against each other, in general the PNe cleanly
separated from the stellar population. PN candidates that
consistently fell within the region occupied by stars in key
plots were re-assessed both spectroscopically and for their
local environment. Unless it was clear that candidates were
well evolved, and the dusty envelope had dissolved and dis-
persed (see examples in Hora et al., 2008), the candidate was
dropped from initial inclusion in the present PN list. The in-
dividual results of this multi-wavelength analysis, covering
the whole LMC (as well as these newly identified candidates
in the outer LMC) is presented in the sister paper to this
one (Reid & Parker, 2013).
In addition to an analysis of the false colour images,
constructed spectral energy distributions (SEDs) covering
U to 24µm allowed us to compare our newly identified PN
candidates with previously known PNe in the outer LMC.
Magnitudes for U,B,V and I were taken from the Magellanic
Clouds Photometric Survey (Zaritsky et al. 2004), NIR mag-
nitudes are from 2MASS (Cutri et al., 2003) and IRSF (Kato
et al., 2007). The SEDs were constructed using raw data, un-
corrected for extinction. We first constructed a comparison
plot of SEDs for PN mimics in the LMC in order to com-
pare the shape of their SEDs with that of PNe. Such plots
can assist in identifying non-PNe since emission nebulae con-
taining dust components, emission lines and a central stellar
source create a characteristic shape. Other objects compared
include compact H ii regions, compact bubbles which may
be part of a SNR, symbiotic stars, eclipsing binaries, Wolf-
Rayet (WR) stars, emission-line stars, young stellar objects
(YSOs), late-type stars and ordinary field stars. Each object
type from the LMC was averaged with the resulting mean
for each bandpass shown in Figs. 4 and 5. The average SED
for LMC PNe includes all 715 known and new PNe, includ-
ing those presented here for the first time, and represents
the true mean flux for LMC PNe at each band. Error bars
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Figure 4. The mean SEDs covering U band to 24µm in the
MIR for H ii regions (dark blue dash-dot), Emission-line stars (red
short-dashed) and YSOs (purple long-dashed). The average fluxes
for each object type are derived solely from LMC objects. These
are the object types most commonly confused with PNe. They
have SEDs that correspond closely with PNe. The SED based on
confirmed PNe in the LMC is indicated by the solid dark brown
line where the error bars give the standard deviation. Objects are
normalized to the mean PN magnitude of 18.85 in the I band.
Figure 5. Same as above but for SNRs (black dashed), symbiotic
stars (light green long-dashed), Eclipsing binaries (pink dotted),
WR stars (light blue dash-dot), late-type stars (dark green short-
dashed), field stars (grey dash-dot) and all PNe in the LMC (dark
brown solid). The SEDs formed by these objects allow them to
be clearly separated from PNe.
show the standard deviations found for PNe, since they are
of principal interest.
Similarity in the overall shape of SEDs for various emis-
sion sources has led to PN mimics being included in PN cat-
alogues over past decades (see Frew & Parker 2010). Fig. 4
compares the averaged SEDs for PNe against those derived
for H ii regions, emission-line stars and YSOs, the objects
Figure 6. The SEDs covering U band to 24µm in the MIR for
all previously known PNe in the outer LMC where data linking
at least two consecutive points are available.
Figure 7. The SED covering U band to 24µm in the MIR for
all newly identified PNe in the outer LMC where data linking at
least two consecutive points is available.
most commonly mistaken for PNe. All mean object types
have been normalized to the mean I-band magnitude of
18.85 for LMC PNe. Although similar, there are some in-
teresting differences in these SEDs that can assist in identi-
fication. YSOs show the greatest luminosity range from the
optical to the MIR. They increase with particular strength
through the NIR region, almost forming a straight line from
B to 24µm. In contrast, H ii regions show a somewhat flat
SED extending from V across to K in the NIR. After a rise
to the MIR they are also rather flat until 8µm, where they
brighten by an average 4 mag. Emission-line stars follow
the SEDs of H ii regions closely until 8µm, after which a
clear lack of PAHs means they only continue a gradual rise
driven by dust continuum. Only five emission-line stars in
our sample of the 970 with IRAC data have a published flux
at the 24µm band. This is the result of both the sensitiv-
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ity cut-off for Spitzer MIPS in the LMC and a general lack
of available MIPS cross-matched data. The SED transition
from 8µm to 24µm should therefore be accepted with some
caution as it may only represent the brightest emission-line
stars in the LMC. The subtle differences between the SEDs
of these objects and PNe can be of enormous benefit when
low resolution optical spectra are inconclusive.
In Fig. 5 we show the mean SEDs of several object
types that are less often confused with PNe due to strong
emission-line characteristics in the optical. In terms of their
SEDs, the closest counterparts to PNe are the WR stars and
symbiotic stars. WR stars are brighter in B due to a strong
ionized helium component. Symbiotic stars increase in lumi-
nosity red-ward from B, presumably due to the interaction
of a late-type stellar companion. Late-type stars have the
largest deviation, also extending to brighter magnitudes in
the NIR than any other object types. Although these cool
stars resemble PNe in Hα/red subtracted images, an optical
spectrum can instantly identify these stars due to the rising
red continuum and TiO bands.
Since all the plotted objects are located in the LMC at
the same average distance, we can directly compare mean
luminosity levels. PNe have an optical luminosity that is on
average comparable to field stars, YSOs and SNRs. Late-
type stars and symbiotic stars have comparable luminosities
to PNe only in the U and B bands. Their luminosities in-
crease substantially through the B and V bands to become
the brightest sources to be found in the NIR. Unlike PNe,
however, they do not experience a substantial rise in lumi-
nosity through the MIR, indicating a low dust and molec-
ular content. Although the SEDs of PNe also rise towards
the NIR, the rise is more modest, placing them among the
faintest of objects across the NIR bands. PNe gain in lu-
minosity across the MIR, somewhat matching the rise ex-
perienced by WR stars and H ii regions, although the later
may experience more irregular variations depending on the
mass, density and ionizing source of the gas. Those objects,
brightest at optical wavelengths such as emission-line stars,
WR stars, eclipsing binaries and H ii regions may experience
a slight decrease in luminosity towards the V band but in
most cases will experience a modest rise across the NIR and
into the MIR. Within the MIR they each experience a rise,
notably with WR stars increasing substantially between 4.5
and 5.8µm and H ii regions doing the same between 5.8 and
8µm. Although all of these SEDs are quite similar there are
key differences at certain wavelengths and so they can be of
some use in weeding out, or at least identifying, suspicious
PN candidates.
The plots, shown in Fig. 6 for the previously known PNe
in the outer LMC and Fig. 7 for the newly identified PNe
in the same outer regions provide an additional certainty as
to the new classification of these objects. At this stage the
plots are shown in order to verify and compare the general
trends for LMC PNe rather than assess individual objects.
For that reason we have not identified PNe that show some-
what unusual behaviour.
In both plots the PNe SEDs can be defined as showing
an almost flat or downward slope from the blue towards the
I band followed by a steady rise towards 24µm. A notice-
able rise in the SEDs for previously known PNe around the
V band shows the strength of the [O iii] emission lines in
these brighter objects compared to the more highly evolved
and fainter PNe found in our new sample which are gen-
erally stronger in their [N ii] emission. The steady rise in
the SEDs of both previously known and newly discovered
PNe is evidence that the cool, warm, and hot dust has an
equal effect on the SEDs both while PNe are young and when
they are optically faint and evolved. Presumably atomic and
molecular emission lines will still be present at some level
in the faint PNe. A number of PNe show some variation
in the SEDs moving from the I-band up to 8µm but this
may be due to either variations in the relative strengths
of the stellar continuum affecting the warm dust emission,
scattered light around the NIR, H2 emission, unusual varia-
tions in the PAH emission at 5.8 and 8µm and/or forbidden
line emission from ionised gas at discrete wavelengths that
could affect band strengths. Such an example is the MIR
[O iv] emission line which is a proxy for the He ii line in the
optical and so arises within high excitation PNe. Where data
are available, we find that all the PNe show a rise between
8 and 24µm, indicating a central star that is hot enough to
produce a warm dust component.
One issue for 2MASS data in the LMC is its sensitiv-
ity cutoff. Although the 2MASS sensitivity at S/N = 10 is
already reached at 15.8, 15.1 and 14.3 mag for J, H and Ks
respectively, some strong emission lines which often domi-
nate these bands in PNe can still be detected in the LMC
sample. The brightest in the J band is Paschen β although
a spectrum will also reveal the presence of He i, [Fe II] and
[O i]. The H band can be dominated by the Brackett series
with He i 1.7002µm and occasionally [Fe II] 1.6440µm. The
brightest line in the Ks band is Brackett γ with He i 2.058,
2.112µm. Although it is useful to know that these lines may
be present, we know that they may be almost missing in
young PNe where a strong warm dust continuum may dom-
inate (Hora et al, 1999). Fig. 7 shows us that these lines
are also likely to be either missing or below the detection
limit in highly evolved PNe which include most of the newly
discovered PNe in our sample.
4.3 Diagnostic plots
With reliable flux calibration of the LMC PN observational
data covering almost every PN in the LMC, basic diagnostic
plots provide an overall snapshot of line characteristics and
ratios. These plots can be useful for identifying PN mimics
(Frew & Parker 2010). However, considerable overlap be-
tween the regions occupied by PNe, H ii regions, symbiotic
stars, WR stars, SNRs, AGNs and emission-line stars of var-
ious types means that the identification of suspicious, out-
lying objects will have to be referred back to earlier forms
of identification. In other words, they will rely more heavily
on multiple wavelength analysis and high resolution optical
imaging.
Our low and medium resolution spectra for all the LMC
PNe provide the fluxes to plot log Hα/[N ii] versus log
Hα/[S ii]. Since the subtracted line ratios on each axis are
at similar wavelengths, the reliance on accurate flux calibra-
tion and reddening errors is substantially minimized. Fig. 8
includes all PNe in the LMC where lines were able to be mea-
sured at greater than 2σ above the noise level. Only 34 out
of the 61 (55%) newly identified PNe in the outer LMC have
measurable [N ii]6584+6548A˚ and [S ii]6716+6731A˚ lines al-
lowing them to be shown as open blue circles in Fig. 8. This
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Figure 8. The log (Hα/[N ii]6584+6548A˚) versus log
(Hα/[S ii]6716+6731A˚) diagnostic diagram. PNe within the
central 25deg2 main bar region of the LMC are marked as grey
crosses, previously known PNe in the outer LMC are marked as
red squares and the newly identified PNe in the outer LMC are
marked as open blue circles. H ii regions are shown as filled black
circles.
number compares to 62 of the 98 (63%), brighter, previously
known PNe in the outer LMC (red squares in Fig. 8) where
both the [N ii]6584+6548A˚ and [S ii]6716+6731A˚ emission
lines are able to be measured. Such a lack of identifiable
[N ii] and/or [S ii] emission is not uncommon and is often the
case for very high or very low excitation PNe. The classifi-
cation of such PNe requires a heavier reliance on imaging,
other emission lines and multi-wavelength data. Since the
[S ii] lines are often enhanced by shock excitation (Dopita
et al. 1995) the lack of these lines in the faint new outer
LMC PNe is an indication of very low excitation and lack
of substantial ambient emission in the ISM.
Fig. 8 shows a large variation in the relative [N ii] line
strength from log 2.4 to log -1.1. Those PNe grouped at the
lower left of the plot, around -0.5(y-axis) and 0.4(x-axis) -
0.5 : 0.4 hereafter, are likely to be Type I PNe (Kingsburgh
& Barlow, 1994) as they are highly enriched in nitrogen. If
helium is present at the abundance level He/H > 0.10 and
N+/O+ > 0.25, the PN can definitely be classed as TypeI
according the average metallicity of the LMC (Leisy & Den-
nefeld 2006). Opposed to these types are the low excitation
PNe which are seen from ∼0.5 : 0.5 to 2.0 : 2.0, following
a track where ionization ratios are more or less equal. It is
along this track and above that we expect to find most of the
LMC H ii regions. In Fig. 8, the known LMC H ii regions,
measured and flux calibrated in the same manner as that
used for PNe, are shown as black filled circles. Although the
majority of them occupy the region of the plot containing
low excitation PNe, a number of them can also be found in
areas occupied by medium-to-high excitation PNe. Some of
these were re-classified from PNe to H ii regions using SEDs
based on VMC and other multi-wavelength data where avail-
Figure 9. The log ([O iii]5007A˚/Hβ) versus log ([N ii]6584A˚/Hα)
diagnostic diagram. The colours and symbols have the same rep-
resentation as defined in Fig. 8. The black broken line represents
the line of best fit for the included H ii regions in the LMC.
Figure 10. The log ([O iii]5007A˚/Hβ) versus log
([S ii]6717+6731A˚/Hα) diagnostic diagram. Symbols and
colours are the same as for Fig. 7.
able. These gas formations are very useful since they trace
the metallicity of the host galaxy with more precision than
PNe.
The log ([O iii]5007A˚/Hβ) versus log ([N ii]6584A˚/Hα)
plot is shown in Fig. 9 together with the log
([O iii]5007A˚/Hβ) versus log ([S ii]6717+6731A˚/Hα)
diagnostic diagram in Fig. 10. These plots are somewhat
more useful in separating PNe from H ii regions, at least
where the [O iii]/Hβ ratio is high for PNe and low for
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H ii regions. PNe group in the upper right of the plot about
a loci of log ([O iii]5007A˚/Hβ) versus log ([N ii]6584A˚/Hα)
0.7 : -0.5. In the mid-range, from log [O iii]5007A˚/Hβ
∼0-0.7 there is considerable overlap. Many well-confirmed
PNe such as MG30, MG39, SMP23, SMP31, SMP64,
SMP68 lie in the area beyond the main division marked by
H ii regions.
Unfortunately, in the LMC there are a number of
very large, high excitation H ii regions and giant super-
bubbles, powered by OB associations which can cause el-
evated [S ii]/Hα ratios through the action of stellar winds
(eg. Lasker 1977). This may account for some of the high
[S ii]/Hα ratios seen here in Fig. 10. The other factor to con-
sider is that most of the H ii regions included in these plots
are very compact PN mimics, many of which have an angu-
lar extent not much larger than that of confirmed PNe. Only
a heavy reliance on multi-wavelength analysis has enabled
them to be separated them from true PNe. The purified list
of newly identified MCELS PNe are presented below.
4.4 The newly confirmed PN candidates
The newly identified and spectroscopically confirmed
MCELS PN candidates are shown in Table 1. Column 1
gives the newly assigned RP reference number, Columns 2
and 3 give the J2000 positions in RA and DEC respectively
accurate to ∼2 arcsec (as checked against the online Super-
COSMOS R positions), Column 4 gives our PNe probability
ranking of ‘True’, ‘Likely’ or ‘Possible’ based on the process
adopted for our earlier PN catalogue. Any special comments
regarding individual objects are given in Column 5.
Included in this outer LMC area covered by MCELS are
106 previously known PNe, all of which were independently
re-identified and included in our spectroscopic followup. All
showed standard PN emission lines with the exception of
Mo22. In the published position for this PN at RA: 05 21
26.6 Dec: -62 34 12.5, (see Leisy & Dennefeld 2006) we found
an ordinary field star with a magnitude of B=17.9. There
is no Hα excess visible and no emission found in the stellar
spectrum. We have searched the local area in case of an
astrometric error, however, there are no discrete emission
sources nearby. Consequently, we re-classify this object as
‘not a PN’. All of the 61 new spectroscopically confirmed
PNe were first discovered as candidates from the MCELS
maps. They were then cross-checked against our UKST LMC
SuperCOSMOS maps and other extant wide field images in
the 2MASS and VMC NIR surveys and from the equivalent
SAGE and WISE surveys in the MIR. Following on from
this work, a detailed multi-wavelength study (including all
the previously known and newly discovered PN in the LMC)
was undertaken and is presented in the sister paper released
simultaneously with this work (Reid & Parker, 2013).
In the Appendix we provide thumbnail cut-out images
for each PN candidate as they were found in the MCELS
merged three-colour maps and then the equivalent single
exposure UKST Hα and SR merged colour images. PNe
RP4489 and 4687 were uncovered in the UKST images, just
outside of the MCELS area so no MCELS image is provided
for them. They have been included here to demonstrate the
potential of these deep UKST images. To the right of these
discovery images we provide confirmatory spectra where the
blue and red arm data have been spliced together and flux
calibrated to cover the full optical wavelength range. Most
spectra are from our AAOmega blue and red arm observa-
tions. Where spectra were obtained using 6dF on the UKST
or from long slit observations on the SAAO 1.9 m we have
made a special note on the image itself.
5 CONCLUSION
Using the MCELS [O iii]5007A˚/Hα/[S ii]6716-6731A˚ and
SuperCOSMOS Hα/SR image maps we have been able to
uncover an extra 63 spectroscopically confirmed PNe in the
outer regions of the LMC not covered by our original deep
Hα stack in the central 25deg2 (Reid & Parker 2006a).
Evolutionary theory predicts that there should be approx-
imately 900 PNe in the LMC (Reid 2012). These new dis-
coveries add an additional 9% to the known LMC PNe pop-
ulation overall but a considerably larger fraction (40%) of
those known in the outer regions.
We have gathered medium resolution spectra and multi-
wavelength imaging for each source and put the resulting
data through important tests that give us confidence in our
classifications. These PNe represent some of the faintest and
most evolved PNe in the outer LMC. They have been in-
cluded in an LMC PN central star temperature histogram
and a temperature versus expansion velocity plot shown in
Reid (2013).
Such PNe provide valuable data to build up the faint
end of the PN luminosity function, to understand the evolu-
tionary time-scales for PNe and in providing additional ob-
jects as kinematic and abundance tracers across the LMC.
Optical diagnostic plots show that all the newly discov-
ered PNe conform to the ratios found for other LMC PNe.
Our paper on multi-wavelength comparisons (Reid & Parker
2013) is an adjunct to this work and extends to include all
PNe in the LMC.
Evolutionary theory predicts that there should be ap-
proximately 900 PNe in the LMC (Reid 2012) and we now
have 715 LMC PNe recorded in our data base, bringing us
very close to evolutionary predictions.
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Table 1. Newly identified PN candidates in the LMC. Shown are
the RP reference number in Column 1, the J2000 RA and Dec
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RP cat. RA (h m s) Dec (◦ ′ ′′ ) Prob. Comments
No. J2000 J2000
RP1870 05 01 59.65 -68 02 35.47 T c
RP1877 04 56 01.03 -67 54 42.84 L e
RP2347 04 35 43.63 -70 33 15.50 T f
RP2419 04 40 33.37 -69 05 33.56 T c,f
RP2547 04 46 11.10 -70 01 32.40 T c,f
RP2637 04 49 27.25 -68 13 03.80 T c
RP2698 04 51 30.59 -69 36 50.50 T e
RP2708 04 51 47.59 -71 33 03.70 T c
RP2784 04 53 43.69 -66 37 42.78 T c
RP2862 04 56 00.88 -67 54 44.40 T c
RP2914 04 56 56.23 -65 07 44.50 T c, near star
RP3228 05 07 46.92 -65 59 43.40 L e,f
RP3308 05 10 23.90 -64 20 26.84 T c,f
RP3332 05 13 52.21 -66 24 57.02 T c, near star
RP3334 05 14 29.62 -71 37 44.50 T c
RP3335 05 14 34.95 -65 00 18.81 T c
RP3343 05 16 37.18 -71 52 50.70 L c
RP3353 05 17 37.39 -71 59 53.20 T c, near star
RP3367 05 20 36.16 -65 26 26.40 L c, ext?
RP3368 05 20 42.37 -65 26 05.10 L c, near star
RP3401 05 23 19.75 -71 48 21.18 T c
RP3409 05 23 28.79 -65 20 13.10 T e
RP3425 05 24 09.70 -65 33 08.21 T e
RP3426 05 23 00.63 -65 37 47.08 P c
RP3432 05 24 19.87 -64 31 13.37 P e, near star
RP3449 05 24 41.17 -72 01 45.00 T c, bright
RP3464 05 24 57.79 -66 05 59.70 T e
RP3520 05 26 11.84 -71 28 55.40 P c
RP3533 05 26 23.96 -71 27 50.60 P e
RP3543 05 26 36.16 -71 27 00.60 P c, near star
RP3576 05 26 55.82 -71 27 55.90 P c, f
RP3601 05 28 55.69 -72 17 40.76 T c
RP3661 05 28 01.07 -65 34 39.70 T c, ext?
RP3808 05 33 03.00 -66 18 29.00 T c
RP3836 05 34 21.20 -66 25 25.00 T c
RP4029 05 44 30.44 -71 36 03.80 T e, f
RP4034 05 45 29.23 -72 18 43.50 T c
RP4041 05 46 00.10 -72 29 31.00 T c
RP4049 05 46 24.36 -66 02 49.50 T e
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RP4065 05 47 27.53 -65 01 50.80 T c
RP4078 05 48 40.74 -66 48 04.20 T c
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RP4197 05 55 48.48 -64 57 00.80 T c,f
RP4207 05 56 12.79 -68 49 00.30 T c
RP4210 05 56 30.56 -65 35 48.80 T c
RP4250 05 57 42.96 -69 02 49.10 T c
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RP4319 04 48 17.85 -68 44 32.47 L c, ext?
RP4489 06 15 42.71 -70 53 32.38 L e, near star
RP4673 05 29 42.97 -72 54 56.13 T c
RP4687 05 34 38.74 -73 27 19.93 L e
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6 APPENDIX
Left to right: Column 1: Merged UKST Hα (blue) and Short
Red (red) discovery images. Column 2: MCELS Hα (red),
[S ii] (blue), and [O iii] (green) discovery images. Column 3:
Blue end spectroscopic data using the 580V grating on both
AAOmega and 6dF (where indicated). Column 4: Red end
spectroscopic data using the 2000R grating on AAOmega
and 1000R grating on 6dF (where indicated). The scaling of
UKST and MCELS images is approximate due to a differ-
ence in viewing angles and pixel sizes.
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